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Using the well known quantum hadrodynamics (QHD), we study the effects of meson-hyperon
coupling constants on the onset of hyperons in dense nuclear matter. We use the SU(3) symme-
try group to fix all these coupling constants, constrained to experimental nuclear matter results
and astrophysical observations. While the discovery of massive pulsars PSR J1614-2230 and PSR
J0348+0432 points towards a very stiff equation of state at very large densities, results from heavy
ion collisions point in opposite direction for densities below five times the nuclear saturation density.
We study some well known parametrizations and see that most of them cannot satisfy both types
of constraints. Indeed, although in our model we can simulate a 2.25 M⊙ hyperonic neutron star,
the heavy ion collision constraints limit the maximum mass around 2.06 M⊙.
PACS numbers: 24.10.Jv, 21.60.Fw, 26.60.Kp, 14.20.Jn
I. INTRODUCTION
The physics of nuclear matter is well understood
around the nuclear saturation density, and most phys-
ical parameters are known within very little uncertain-
ties. However, the physics of very high densities is far
from being fully understood. The discovery of massive
pulsars PSR J1614-2230 [1] and PSR J0348+0432 [2] in-
dicates a very stiff equation of state (EoS) for densities
above the saturation point. At such high densities, par-
ticles with some strange content can be created, since
they are energetically favorable once the the Fermi en-
ergy of the nucleons becomes of the order of their rest
masses. The onset of hyperons softens the EoS and re-
duces the possible maximum mass of the correspondent
neutron star [3], which may cause a conflict between the
astrophysical observations and the theoretical previsions.
Generally models containing hyperons predict neutron
stars with masses below 1.9M⊙, which would exclude the
possibility of hyperons in their cores. Using Brueckner-
Hartree-Fock (BHF) models, previous studies found max-
imum masses between 1.26M⊙ and 1.47M⊙ [4–7]. Other
nonrelativistic phenomenological models increase but not
enough the maximum mass to 1.8 M⊙ [8]. Another
possibility is to use relativistic quantum hadrodynamic
(QHD) models [9], where the strong interaction is simu-
lated by the exchange of massive mesons through Yukawa
potentials. Whilst most hypernuclear EoS predict neu-
tron star masses below 2 M⊙ even in QHD [3, 10–13], a
few parametrizations succeed in describing very massive
hyperonic neutron stars [14–16]. A clever mechanism to
increase the maximum mass of neutron stars with hyper-
ons in their core (hyperonic stars) is to include an addi-
tional vector meson that mediates the hyperon-hyperon
interaction [17, 18]. This approach has the advantage
of not affecting any of the well known nuclear properties,
just pushing away the hyperon threshold and suppressing
their fraction at high densities.
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The major difficulty when hyperons are present is to fix
the coupling constants of these particles with the mesons.
It is very common in the literature the use of the hybrid
SU(6) symmetry group [19] to fix the coupling of the
hyperons with the vector mesons, while the coupling with
the scalar ones is fixed through the hyperon potential
depth. Despite the insight gained by the knowledge of the
hyperon potential depth, the problem is far from solved.
While the Λ potential depth (UΛ) is known to be equal
to -28 MeV [20, 21], the Σ and Ξ potentials (UΣ, UΞ)
present a huge uncertainty and not even the signs of these
potentials are well defined [21, 22], although there are
canonical values normally used in modern literature (UΣ
= +30 MeV and UΞ = -18 MeV) [23].
The use of the SU(6) parametrization for the vector
mesons along the canonical hyperon potential depths cre-
ate new problems: the maximum masses usually achieved
are lower than 2.0 M⊙ [16, 17], in disagreement with
recent observations. An attempt to conciliate massive
neutron stars with the SU(6) theory was performed in
two works [17, 24], where the authors varied the hyperon
potentials in an ad hoc way. They found that the hy-
peron potential has but little influence on the maximum
mass. Another ad hoc approach was proposed by Glen-
denning et al [20], where the meson hyperon coupling was
fixed so as to reproduce the UΛ potential [25], consider-
ing that all the hyperons couple in the same way. With
this approach, a family of hyperon meson parametriza-
tion was obtained. Although it can describe massive neu-
tron stars the results are strongly model dependent, and
the maximum mass can vary 100%, from 1.2 to 2.4 solar
masses [3]. Nevertheless, this approach is widely used
in the literature [3, 12, 14, 16, 26], and we next call it
Glendenning Conjecture (GC).
Other proposals consider the inclusion of a new vector
meson to mediate hyperon-hyperon interaction without
affecting nuclear matter [17, 18], and the break of SU(6)
symmetry of the isoscalar-vector meson to a more gen-
eral SU(3) flavor symmetry group [18, 27]. The use of
SU(3) instead the SU(6) symmetry produces very mas-
sive hyperonic neutron stars, with maximum masses as
high as 2.3 M⊙ [18]. The main problem related to the
2previous SU(3) symmetry based models is that while the
isoscalar-vector mesons are allowed to break the SU(6)
symmetry, the isovector-vector meson is forced to obey it,
what sounds rather artificial. The scalar meson coupling
is even poorly obtained, since it is fixed from a pure phe-
nomenological basis. Moreover, results of the last decade
in heavy ions collision (HIC) have shown that although
the EoS has to be very stiff at large densities, it should
be soft for densities below five times the nuclear satura-
tion point [28, 29], what is in disagreement with EoS that
produce high mass neutron stars.
In this work, we study a QHD based model with three
parametrization: GM1, GM3 [20] and NL3 [30] in the tra-
ditional σωρ and in the more exotic σωρφmodels [17, 18].
We propose new parametrization families in such a way
that all hyperon meson couplings are in accordance with
the SU(3) symmetry group instead of only the isoscalar-
vector ones. We do that tying the parameters of the
scalar meson group with the vector ones, in such a way
to describe the well known UΛ = -28 MeV, and let the
uncertain UΣ and UΞ be determined only by the sym-
metry group properties, without any other phenomeno-
logical input. We also use one of the GC parametriza-
tion in the standard σωρ model to compare the differ-
ences arising from a full symmetric model with respect
to a full phenomenological one. Then, we calculate some
physical quantities as particle fractions, strangeness frac-
tion and speed of sound in the hypernuclear medium,
since they may be important to investigate quark-hadron
phase transitions [34]. In order to validate our proposal
we compare our results with those obtained from HIC
and astrophysical observations.
This paper is organized as follows: in section II we dis-
cuss the QHD formalism, calculate the EoS and the me-
son field equations. In section III we display our choice of
parametrizations and some of the physical quantities they
foresee for nuclear matter. We also display all the hy-
peron meson coupling constants obtained from the SU(3)
symmetry and the GC approach and the related previ-
sions for the hyperon potential depths. In section IV
we show the results of several parametrization sets and
discuss some observational, experimental and theoretical
constraints. The conclusions are presented in section V
and the calculations of the hyperon-meson coupling con-
stants within a complete SU(3) symmetry are developed
in the Appendix.
II. FORMALISM
We use an extended version of the relativistic QHD [9],
whose Lagrangian density reads:
LQHD =
∑
B
ψ¯B[γ
µ(i∂µ − gBBωωµ − gBBφφµ − gBBρ 1
2
~τ · ~ρµ)− (mB − gBBσσ)]ψB − U(σ) +
+
1
2
(∂µσ∂
µσ −m2sσ2) +
1
4
ΩµνΩµν +
1
2
m2vωµω
µ − 1
4
ΦµνΦµν +
1
2
m2φφµφ
µ +
1
2
m2ρ~ρµ · ~ρ µ −
1
4
P
µν ·Pµν , (1)
where the sum in B stands just for the nucleons or for
all the baryon octet, depending on our choice for the
star consitituents, ψB are the baryonic Dirac fields, and
σ, ωµ, φµ and ~ρµ are the mesonic fields. The g
′s are
the Yukawa coupling constants that simulate the strong
interaction, mB is the mass of the baryon B, ms, mv,
mφ and mρ are the masses of the σ, ω, φ and ρ mesons
respectively. The antisymmetric mesonic field strength
tensors are given by their usual expressions as presented
in [3]. The U(σ) is the self-interaction term introduced
in ref. [35] to reproduce some of the saturation properties
of the nuclear matter and is given by:
U(σ) =
1
3!
κσ3 +
1
4!
λσ4. (2)
Finally, ~τ are the Pauli matrices. In order to describe
a neutral, chemically stable hypernuclear matter, we add
leptons as free Fermi gases:
Llep =
∑
l
ψ¯l[iγ
µ∂µ −ml]ψl, (3)
where the sum runs over the two lightest leptons (e and
µ).
The nucleon masses are assumed to be N = 939 MeV,
the Σ triplet masses are 1193 MeV, the Λ0 mass is 1116
MeV, and the Ξ doublet masses are 1318 MeV. The elec-
tron and muon masses are 0.511 MeV and 105.6 MeV
respectively. The vector meson masses are 783 MeV for
the ω and 1020 MeV for the φ. With GM1 and GM3
parametrizations, we have 770 MeV for the ρ, while with
the NL3, the ρ mass is 763 MeV. All these masses are
the physical ones, corresponding to values close to those
found experimentally. The scalar meson σ may be re-
garded as the ǫ(760) [41–43] with a fictitious mass of 512
MeV for GM1 and GM3, and 508 MeV for NL3, to agree
with the parametrizations proposed in [20, 30].
To solve the equations of motion, we use the mean
field approximation (MFA), where the meson fields are
replaced by their expectation values, i.e: σ → 〈σ〉 = σ0,
ωµ → δ0µ 〈ωµ〉 = ω0 and ρµ → δ0µ 〈ρµ〉 = ρ0. The MFA
gives us the following eigenvalue for the baryon energy [3]:
3EB =
√
k2 +M∗2B + gBBωω0 + gBBρ
τ3
2
ρ0, (4)
where M∗B is the baryon effective mass: M
∗
B =˙ mB −
gBBσσ0.
For the leptons, the energy eigenvalues are those of the
free Fermi gas:
El =
√
k2 +m2l , (5)
and the meson fields become:
ω0 =
∑
B
gBBω
m2v
nB, (6)
φ0 =
∑
B
gBBφ
m2φ
nB, (7)
ρ0 =
∑
B
gBBρ
m2ρ
τ3
2
nB, (8)
σ0 =
∑
B
gBBσ
m2s
nSB − 1
2
κ
m2s
σ20 −
1
6
λ
m2s
σ30 , (9)
where nSB is the scalar density and nB is the number
density of the baryon B:
nSB =
∫ kfB
0
M∗√
k2 +M∗2
k2
π2
dk ,
nB =
k3fB
3π2
, and n =
∑
B
nB (10)
To describe the properties of the hypernuclear matter,
we calculate the EoS from statistical mechanics [36]. The
baryons and leptons, being fermions, obey the Fermi-
Dirac distribution. In order to compare our results
with experimental and observational constraints, we next
study nuclear and stellar systems at zero temperature. In
this case the Fermi-Dirac distribution becomes the Heav-
iside step function. The energy densities of baryons, lep-
tons and mesons (which are bosons) read:
ǫB =
1
π2
∑
B
∫ kf
0
√
k2 +M∗2B k
2dk, (11)
ǫl =
1
π2
∑
l
∫ kf
0
√
k2 +m2l k
2dk, (12)
ǫm =
1
2
(
m2sσ
2
0 +m
2
vω
2
0 +m
2
φφ
2
0 +m
2
ρρ
2
0
)
+ U(σ), (13)
where kf is the Fermi momentum, and we have already
used the fact that the fermions have degeneracy equal
to 2. The total energy density is the sum of the partial
ones:
ǫ = ǫB + ǫl + ǫm, (14)
and the pressure is calculated via thermodynamic rela-
tions:
P =
∑
f
µfnf − ǫ, (15)
where the sum runs over all the fermions (f = B, l) and
µ is the chemical potential, which corresponds exactly to
the energy eigenvalue at T = 0.
III. MODEL PARAMETERS
We use three standard QHD parametrization: GM1,
GM3 [14, 20] and NL3 [30] to describe five input param-
eters: nuclear saturation density, n0, binding energy per
baryon B/A, effective nucleon mass M∗, nuclear com-
pression modulus K and the symmetry energy coefficient
S0. Table I resumes the parametrizations and the bulk
nuclear matter values they generate.
GM1 GM3 NL3
gNNσ 8.910 8.175 10.217
gNNω 10.610 8.712 12.868
gNNφ 0.0 0.0 0.0
gNNρ 8.196 8.259 8.948
κ/MN 0.005894 0.017318 0.0041014
λ -0.006426 -0.014526 -0.015921
n0 (fm
−3) 0.153 0.153 0.148
M∗/M 0.70 0.78 0.60
K (MeV ) 300 240 272
S0 (MeV ) 32.5 32.5 37.4
B/A (MeV ) -16.3 -16.3 -16.3
TABLE I. Parameters and physical quantities for GM1, GM3
and NL3 models.
The φ meson, which carries strangeness, is generally
disregarded. The models where it is not present are the
traditional σωρ models. When the φ is present, we have
chosen to call the models as σωρφmodels [17, 18, 31–33].
In order to fix the hyperon meson couplings, we use
two different approaches. The first one relies on a pure
phenomenological basis and we call it GC. Within the
GC parametrization, the φ meson is never present. It
assumes that [20]:
gY Y σ
gNNσ
= 0.7,
gY Y ω
gNNω
= χω
gY Y ρ
gNNρ
=
I3B
I3N
χρ, (16)
4where χω = χρ has the values 0.783 in GM1, 0.8 in GM3
and 0.772 in NL3 in order to describe the well known
UΛ = −28 MeV. The hyperon potential depth is defined
as [3, 17]:
UY = gY Y ωω0 + gY Y φφ0 − gY Y σσ0. (17)
Note that within the GC parametrization the ρ meson
always couples to the isospin projection I3. Nevertheless,
the value of χρ is completely arbitrary [3].
Another possible approach is the assumption of a com-
plete SU(3) symmetry group theory to determine the cou-
pling constants of baryons with all mesons [A detailed
calculation is present in the Appendix.]. We also assume
zv =
√
6 and θv = 35.264 in agreement with the SU(6)
parametrization of the vector mesons, and a near SU(6),
with zs =
8
9
√
6 and θs = 35.264 for the scalar mesons.
Within this complete SU(3) symmetry group model, the
hyperon-meson couplings now become:
gΛΛω
gNNω
=
4 + 2αv
5 + 4αv
,
gΣΣω
gNNω
=
8− 2αv
5 + 4αv
,
gΞΞω
gNNω
=
5− 2αv
5 + 4αv
, (18)
for the meson ω, and for the meson φ, when it is present:
gNNφ
gNNω
=
√
2 ·
(
4αv − 4
5 + 4αv
)
,
gΛΛφ
gNNω
=
√
2 ·
(
2αv − 5
5 + 4αv
)
,
gΣΣφ
gΛΛω
=
√
2 ·
(−2αv − 1
5 + 4αv
)
,
gΞΞφ
gNNω
=
√
2 ·
(−2αv − 4
5 + 4αv
)
,
(19)
In the traditional σωρ model we consider that all gBBφ
are equal to zero.
For the meson ρ:
gΣΣρ
gNNρ
= 2αv,
gΞΞρ
gNNρ
= −(1− 2αv), gΛΛρ
gNNρ
= 0, (20)
and for the σ:
gΛΛσ
gNNσ
=
10 + 6αs
13 + 12αs
,
gΣΣσ
gNNσ
=
22− 6αs
13 + 12αs
,
gΞΞσ
gNNσ
=
13− 6αs
13 + 12αs
. (21)
When we set αv = 1, we recover the SU(6)
parametrization for the vector mesons. In this case, the
ω meson couples to hypercharge, while the ρ meson cou-
ples to isospin, as proposed by Sakurai [37]. When α 6=
1, the φ meson couples to the nucleon in the σωρφ model.
To make sure that the nuclear matter properties are not
affected, we reparametrize the gNNω as follows:
gNNωω0 → g˜NNωω0 + gNNφφφ, (22)
where the left side of Eq. (22) is related to the σωφ
model, while the right side to the σωρφ model. Now,
from Eqs.(6) and (7):
gNNω
∑
B
gBBω
m2v
nB ≡
g˜NNω
∑
B
g˜BBω
m2v
nB + gNNφ
∑
B
gBBφ
m2φ
nB. (23)
However, since hyperons are not present at the nuclear
saturation density, the sum runs only over the nucleons.
Also, gNNφ depends on the independent gNNω from Eq.
(19). Therefore we rewrite Eq. (23) as:
g2NNω
m2v
≡ g˜
2
NNω
m2v
+ 2
(
4αv − 4
5 + 4αv
)2
g˜2NNω
m2φ
. (24)
Notice that for each αv, g˜NNω in σωρφ model on the
right side of Eq. (24) is determined in such a way that
the right side of that equation reproduces the same value
of the left side in the traditional σωρ model. We call
the parametrizations of the σωρφ model as “Like-Model,
LM” (i.e, GM1LM, GM3LM, etc) since they predict the
same quantities for the nuclear saturation as the original
models, although with different parameters. As already
pointed out in [18], the unusual N − φ coupling that
arises when we break the SU(6) symmetry in the LM are
in accordance with the huge strange quark condensate in
the nucleon found in lattice gauge simulations [38–40].
A. Hyperon-meson couplings and potential depths
According to the calculations developed in the Ap-
pendix, we have a priori just two free parameters, αv and
αs. Now we proceed as follow: we give arbitrary values
to αv varying from 1 to 0, and impose that αs assumes
the value that keeps UΛ = -28 MeV. The uncertain UΣ
and UΞ are then determined only by symmetry proper-
ties, without any other phenomenological input. We also
display the values for gNNω, that change within the LM.
The results are presented from Table II to Table V.
αv = 1 αs = 1.568 gNNω = 10.610 UΣ = +32 UΞ = +40
αv = 0.75 αs = 1.251 gNNω = 10.610 UΣ = +29 UΞ = +39
αv = 0.50 αs = 0.9007 gNNω = 10.610 UΣ = +19 UΞ = +33
αv = 0.25 αs = 0.5230 gNNω = 10.610 UΣ = +11 UΞ = +29
αv = 0.0 αs = 0.2859 gNNω = 10.610 UΣ = −2 UΞ = +22
GC - gNNω = 10.610 UΛ = −28 UΞ = −28
TABLE II. Family of parametrizations and hyperon potential
depths for GM1.
We see that for the SU(6) symmetry (αv = 1), the Ξ
potential arises naturally as strongly repulsive, in accor-
dance with what was suggest in ref. [17], but from an ad
hoc way. Also, for the SU(6) parametrization, we obtain
αs = 1.568 with GM1 and GM1LM. This value is very
close to 1.496 found in ref. [41].
5αv = 1 αs = 1.678 gNNω = 8.712 UΣ = +22 UΞ = +29
αv = 0.75 αs = 1.345 gNNω = 8.712 UΣ = +19 UΞ = +28
αv = 0.50 αs = 1.012 gNNω = 8.712 UΣ = +19 UΞ = +33
αv = 0.25 αs = 0.6889 gNNω = 8.712 UΣ = +8 UΞ = +23
αv = 0.0 αs = 0.3763 gNNω = 8.712 UΣ = +0.2 UΞ = +18
GC - gNNω = 8.712 UΛ = −28 UΞ = −28
TABLE III. Family of parametrizations and hyperon potential
depths for GM3.
αv = 1 αs = 1.568 gNNω = 10.610 UΣ = +32 UΞ = +40
αv = 0.75 αs = 1.231 gNNω = 10.514 UΣ = +25 UΞ = +39
αv = 0.50 αs = 0.8229 gNNω = 10.133 UΣ = −5 UΞ = +32
αv = 0.25 αs = 0.6889 gNNω = 9.324 UΣ = −157 UΞ = −40
TABLE IV. Family of parametrizations and hyperon potential
depths for GM1LM.
When αv = 0.25 with GM1LM and GM3LM, the UΣ
becomes too attractive, (-157 MeV with GM1LM and
-104 MeV with GM3LM). That happens because when
we reduce the αv, the Σ − σ interaction becomes more
and more important, with the increase of gΣΣσ. Moreover
the repulsive channel, which is the combination of Σ−ω
and Σ − φ interactions, becomes smaller for smaller αv.
These two combined factors made a stunning attractive Σ
potential. We show the effect of such attractive potential
in Fig. 2 and Fig. 3 and, since this fact is in disagreement
with the experience, these parametrizations are no longer
used.
We do not study the effects of hyperons with the
NL3 parametrization, because as we see next , this
parametrization is in disagreement with all experimen-
tal constraints used in this work.
IV. RESULTS AND CONSTRAINTS
We analyze the hypernuclear matter subject to gen-
eralized beta equilibrium and electrically neutral condi-
tions. These conditions imply that:
µi = µn − eiµi, µe = µµ,
∑
B
nBeB +
∑
l
el + µl = 0,
(25)
where µi and ei are the chemical potential and the elec-
trical charge of the ith baryon respectively while nB and
nl are the number densities of the baryons and leptons.
Notice that in all figures and tables, the SU(6) choice of
parameters refers to the case when αv = 1. The fraction
of particles is defined as Yi = ni/n and plot them for the
GC and several values of αv with the GM1 parametriza-
tion in Fig. 1
We can see that the GC parametrization differs from all
those consistent with the SU(3) symmetry group, since
αv = 1 αs = 1.678 gNNω = 8.712 UΣ = +22 UΞ = +29
αv = 0.75 αs = 1.367 gNNω = 8.633 UΣ = +20 UΞ = +31
αv = 0.50 αs = 0.9281 gNNω = 8.320 UΣ = −2 UΞ = +25
αv = 0.25 αs = 0.2775 gNNω = 7.182 UΣ = −104 UΞ = −23
TABLE V. Family of parametrizations and hyperon potential
depths for GM3LM.
the first hyperon that appears with the GC is the Σ−
which is absent for all SU(3) parametrizations. Indeed,
while all the Σ triplet is present with the GC, this is not
the case with the SU(3) choice of couplings, except for
the subtle onset of the Σ+ in αv = 0.0 at large densities.
With the SU(3) symmetry, from αv = 1.0, which repro-
duces the usual SU(6) symmetry choice of parameters, to
αv = 0.0, we see that the hyperons are more and more
suppressed at high densities due to the increase of the
repulsive vector channel. Within SU(6) there are three
different hyperons in the composition of the hypernuclear
matter: Λ0, Ξ−, and Ξ0. When the value of αv decreases,
the Y − ω interaction becomes stronger, and there is a
suppression of the particles with strange content for high
density values. The Ξ0 soon disappears, and the frac-
tion of Ξ− becomes less relevant at high densities. It
is easier to see the hyperon suppression in a plot of the
strangeness fraction as shown in Fig. 3. Exactly the same
relation between αv and strangeness, with obvious con-
sequences on the stiffness of the EoS was found in [18],
an expected behaviour since our choice of constants was
primordially based on this reference. We also note that
although UΞ becomes less repulsive with the decrease of
αv, less hyperons tend to be created. The reason is that
both the repulsive vector and the attractive scalar chan-
nels increase with the decrease of αv. When αv is small,
the strong attractive channel dominates for low densities,
but the repulsive one dominates at high densities. This
creates a weakly repulsive channel at nuclear saturation
point, and the hyperon suppression for densities much
above this density. We also note that for αv = 0.0 the
code stops converging at not too high densities. This fact
has already been discussed in the literature [12, 16, 27]
and happens because the nucleon effective mass becomes
zero. We plot the fraction of particles for the GM1LM in
Fig. 2 for different values of αv.
The main difference between the GM1 and the
GM1LM as far as the fraction of particles is concerned
refers to the arising of the Σ−, which appears with the
GM1LM and is absent with the GM1, except when we
use the GC parametrization. The reason is that the φ
meson couples stronger to the Ξ than to the Σ. Also, as
an additional source of repulsion, the φ meson increase
the suppression of hyperons at high densities and easing
the production of different particles. With the decrease
of αv, the Σ density onset is lowered. The reason is that
the Σ−φ coupling becomes weaker and weaker, while the
Λ−φ coupling becomes stronger. For αv = 0.50, the Σ−
becomes the first hyperon to appear, while for αv = 0.25,
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FIG. 1. Fraction of particles Yi, for GC and different values of αv with the GM1 parametrization. αv = 1 refers to the SU(6)
usual choice of couplings.
the repulsive channel is so weak for the Σ that, alongside
the strong attractive channel, the Σ− arises at the density
of 0.13 fm−3, even below the nuclear saturation density.
This is the effect of the very low UΣ = -157 MeV, which
contradicts all physical expectations. As pointed out ear-
lier, the hyperon suppression at hight densities with the
decrease of αv, and also with the inclusion of the φ me-
son can be best seen in a plot of the strangeness fraction
fs instead of the individual fraction of particles. fs is
normally defined as:
fs =
1
3
∑
i ni|si|
n
, (26)
where si is the strangeness of the ith baryon.
For a matter of clarity, so that the curves do not over-
lap, we have decided to plot the curves related to the GC
parametrization alongside those of GM1LM, although
the φ meson is not present in the GC set and is always
present in LM.
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Wee see that there is a connection between αv and fs.
A lower αv results in a lower fs both with GM1 and with
the GM1LM parametrizations (except when αv = 0.25,
GM1LM), due to the strong hyperon suppression at hight
densities as already discussed. Moreover, GM1LM pro-
duces a lower fs when compared with the GM1 due to
the new vector channel that increases the chemical po-
tential for the hyperons, hindering their production at
high densities. In GM1LM when αv = 0.25, the on-
set of Σ− at very low densities makes the strangeness
fraction nonzero even below the saturation density. Due
to this effect, from this point on, we no longer use this
parametrization.
One of the most important quantities of nuclear and
8hypernuclear matter is the equation of state (EoS). We
plot the EoS for the parametrizations discussed above in
Fig. 4.
The relation between αv and fs can also be observed
in the EoS. Lower values of αv produce stiffer EoS. This
was expected, since lower fs indicates less hyperons, and
the effect of softening of the EoS caused by the hyper-
ons is well known [3, 10, 13, 25]. It is interesting to note
that the stiffer EoS is obtained with less repulsive hy-
peron potentials. This indicates that the influence of the
hyperon potential depths as pointed in ref. [17] is only
secondary. The ruling term for the stiffness of the EoS is
the strength of the Y −ω interaction. In GM1LM we have
alongside the Y − ω interaction, the Y − φ one. These
combined effects produce very stiff EoS as we can see on
the right side of Fig. 4, even for low repulsive hyperon po-
tentials. The c line plotted refers to the causality limit.
Since our results are derived from a relativistic model,
this constraint is never violated.
We have also analyzed the speed of sound vs, defined
as:
vs =
√∣∣∣∣∂p∂ǫ
∣∣∣∣, (27)
since it is an important quantity in the study of phase
transitions. Although there is no experimental measure-
ment of the speed of sound at high densities, results de-
rived from QCD impose a limit of vs = 1/
√
3 ≃ 0.58 (c
= 1) for the quark-gluon plasma [44–46]. Methods to
measure the speed of sound are proposed in modern lit-
erature [47, 48] through Mach cones. Since the density of
a possible hadron-quark phase transition is not known,
a measure of vs > 0.58 excludes the possibility of quark
matter at the densities where such speed is obtained. We
plot the speed of sound in Fig. 5
As expected, the speed of sound is the same for all
parametrizations while hyperons are not present. The
onset of hyperons reduces the speed of sound due to the
softening of the related EoS, resulting in a connection
between αv and vs. A stiffer EoS, obtained with lower
values of αv, yields a higher value for the speed of sound
at high densities.
Without hyperons the breaking of the QCD theoretical
limit for the speed of sound occurs at 0.352 fm−3. The
main question therefore is in which parametrizations the
first hyperon arises below this density. When the first hy-
peron arises before the density of 0.352 fm−3, the density
at which the speed of sound exceeds 0.58 increases sub-
stantially. We display in Table VI the density in which
the speed of sound surpasses the QCD speed limit for
different values of αv.
We see that for the sets GC, SU(6), αv = 0.75
and αv = 0.50 with the GM1 parametrization and the
SU(6) with the GM1LM, the first hyperon appears be-
low 0.352 fm−3, resulting in the fact that the QCD limit
of the speed of sound is attained at higher density val-
ues. Later we see that this fact has implications when we
analyze some experimental constraints.
Model αv vs > 0.58 at: Model αv vs > 0.58 at:
GM1 SU(6) 6.16 n0 GM1LM SU(6) 3.51 n0
GM1 0.75 5.44 n0 GM1LM 0.75 2.30 n0
GM1 0.50 4.60 n0 GM1LM 0.50 2.30 n0
GM1 0.25 2.30 n0
GM1 0.0 2.30 n0 GM1 GC 3.62 n0
TABLE VI. Number density in which the speed of sound ex-
ceeds the theoretical limit of QCD for GM1 and GM1LM with
different parametrization sets.
A. Constraints
In order to validate our proposal, we confront it with
some experimental values and astrophysical observations.
The first experimental constraint (which we call here
EC1) is the asymmetric coefficient S0 and the symme-
try energy slope L as defined in ref. [49]:
S(n) = S0 − Lǫ+ 1
2
Ksymǫ
2 +O(ǫ3), (28)
ǫ =
n0 − n
3n0
, and L = 3n0
dS
dn
∣∣∣∣
n0
. (29)
The values of S0 are 32.5 MeV for GM1 and GM3, and
37.4 MeV for NL3, while the slope L assumes 94 MeV
for the GM1, 90 MeV for the GM3 and 118 MeV for
the NL3 [16]. We analyze these tree parametrizations in
the light of two experimental data described in ref. [49],
obtained from heavy ions collision (HIC, hatched area
in green) and isobaric analog states (IAS, hatched area
in pink). The experimental values of S0 and L and the
theoretical previsions obtained with GM1, GM3 and NL3
are presented in Fig. 6.
We see that while GM1 and GM3 agree with both ex-
perimental measurements, the NL3 parametrization is
completely out of the allowed region. Since we expect
that neutron stars are neutron rich systems, the symme-
try energy plays a crucial role in the description of these
objects. Being the NL3 parametrization in disagreement
with the experimental observation, this parametrization
should be avoided at least in the description of neutron
star properties.
The second experimental constraint (EC2) is the nu-
cleon potential in symmetric matter. From measure-
ments of kaon production in HIC performed with the
kaon spectrometer (KaoS) [28], an upper limit was es-
tablished till at least two times the nuclear saturation
density. In QHD based models the nucleon potential in
symmetric matter is defined as:
UN = gNNωω0 − gNNσσ0. (30)
The third experimental constraint (EC3) is the pres-
sure of symmetric nuclear matter up to almost five times
the nuclear density as obtained in ref [29]. The previ-
sions obtained with GM1, GM3 and NL3 and the exper-
imental upper limit of the nucleon potential withdrawn
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from ref. [28] are plotted in Fig. 7 left, and the pressure
(hatched area) withdrawn from ref. [29] and the previ-
sions are plotted in Fig. 7 right.
Both constraints point towards the same direction: the
EoS must be soft for densities not much above the nuclear
saturation point. Wee see that NL3 fails again when con-
fronted with the EC2 and EC3. On the other hand, GM3
fulfills all the experimental constraints we have analyzed.
The GM1 parametrization has a more delicate situation.
Whilst GM1 is in accordance with EC1 and EC2, it fails
to describe EC3. So, at first glance, this parametriza-
tion should be be ruled out. However, as pointed in
ref. [29], the experimental results do not rule out hyperon
creation nor even more exotic pictures as quark-hadron
phase transitions. The softening of the EoS due to the
hyperon onset could be the key to reconcile experiment
and theory.
Note that in symmetric nuclear matter, the chemical
potential of the protons is equal to the chemical potential
of the neutron. Now we define the hypernuclear symmet-
ric matter imposing that the hyperon chemical potential
be equal to the chemical potential of the nucleons:
µY = µp = µn. (31)
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EC3 (right) Experimental determination of the pressure in symmetric nuclear matter.
This choice implies that only symmetric nuclear matter
exists until the density is high enough so that the cre-
ation of strange particles becomes energetically favorable,
softening the EoS. We plot the pressure of hypernuclear
symmetric matter alongside the experimental constraint
EC3 (hatched area) in Fig. 8.
We see that for αv = 1, αv = 0.75 and αv = 0.50
with GM1, and the SU(6) parametrization with GM1LM,
the prediction of pressure falls again in the experimental
area at high densities. It is interesting to note that the
normally used GC parametrization fails to reproduce the
experimental constraint, and therefore, should be taken
with care.
As pointed out earlier, the speed of sound has im-
plications which relate to the EC3. With the excep-
tion of the GC, all parametrization sets that agree with
the EC3, break QCD theoretical limit of the speed of
sound for densities above three times the nuclear satu-
ration density. Moreover, according to our proposal, all
parametrization sets that agree with the EC3, have the
Λ0 as the first hyperon that arises, and its onset needs to
occur at densities below 0.352fm−3.
It is also important to note that although some of the
GM1 and GM1LM hypernuclear parametrizations are in
agreement with the experimental data for high densities,
they are still in disagreement at low densities. However,
this could be due to the fact that we ignore meson pro-
duction, important at sub-threshold densities as pointed
in ref. [28, 50].
Now we turn towards the constraints obtained from
astrophysical observations. The main constraints are
the recent observations of the two massive pulsars, PSR
J1614-2230 [1] and PSR J0348+0432 [2], which indi-
cate that the EoS has to be stiff enough to reproduce
2 M⊙ neutron stars. Therefore, we have two, in princi-
ple, contradictory constraints for low and high densities:
the experimental ones point to a soft EoS at low den-
sities [28, 29], and the astrophysical observations favor
a stiff EoS at high densities [1, 2]. We next check all
parametrizations discussed so far to see whether they
can fulfill these two features. The mass of the PSR
J0348+0432 is 2.01 ± 0.04 M⊙, and we use this value
as the first astrophysical constraint (AC1). The second
astrophysical constraint (AC2) is the redshift measure-
ments (z) of two neutron stars. A redshift of z = 0.35
has been obtained from three different transitions of the
spectra of the EXO0748-676 [51]. This redshift corre-
sponds to M/R = 0.15M⊙/km. Another constraint
on the mass/radius relation comes from the observa-
tion of two absorption features in the source spectrum
of the 1E 1207.4-5209 neutron star, with redshift from
z = 0.12 to z = 0.23, which gives M/R = 0.069M⊙/km
to M/R = 0.115M⊙/km [52].
It is also worth mentioning that recently the existence
of a 2.7 solar mass object named PSR J1311-3430 [53]
was suggested. Although such hypermassive pulsar is
not confirmed yet, all previous measurements indicate a
lower limit of 2.1 M⊙. We use this value as a possible
constraint.
To check which EoS is hard enough to reproduce
the well known PSR J0348+0432 and also agrees
with the redshift measurements, we solve the Tolman-
Oppenheimer-Volkoff equations [54], which are the differ-
ential equations for the structure of a static, spherically
symmetric, relativistic star in hydrostatic equilibrium.
Also, we use the BPS [55] EoS for the very low density
regime to simulate the neutron star crust. We plot the
results for GM1 and GM1LM for several values of αv,
and the GC parametrization in Fig. 9. The properties of
the maximum mass of each parametrization are displayed
in Table VII.
From Fig. 9 and table VII, one can see that the
only parametrization that fails to describe the AC1 is
GM1 with the SU(6) choice of couplings. All other
parametrizations both in GM1 and in GM1LM yield a
maximum mass of at least 1.97 M⊙. All models are
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in agreement with AC2. On the other hand, the spec-
ulative PSR J1311-3430 [53] is described only by few
parametrizations: αv = 0.0 with GM1 and αv ≤ 0.75
with GM1LM are able to explain such high mass. Never-
theless, all parametrization sets that can explain a pulsar
with 2.1 M⊙ yield a very stiff EoS, in disagreement with
expected low density constraints [29].
In ref. [18], the authors propose a linear relation be-
tween the maximum mass and the strangeness fraction.
In this work, as we see from Table VII, this relation is not
present. However, a very interesting result turns up: all
the parametrizations that are in agreement with the ex-
perimental constraint EC3, obtained from ref. [29], yield
exactly the same strangeness fraction of 0.206 in GM1
12
Model αv M/M⊙ R (Km) nc (fm
−3) fs at nc.
GM1 No hyp. 2.39 11.99 0.840 0.00
GM1 SU(6) 1.94 12.48 0.836 0.206
GM1 0.75 1.97 12.40 0.848 0.206
GM1 0.50 2.00 12.28 0.867 0.206
GM1 0.25 2.06 12.16 0.885 0.196
GM1 0.0 2.13 12.09 0.891 0.178
GM1 GC 2.01 11.86 0.952 0.231
GM1LM SU(6) 2.06 11.96 0.915 0.168
GM1LM 0.75 2.17 12.13 0.875 0.135
GM1LM 0.50 2.25 12.04 0.870 0.117
TABLE VII. Stellar properties obtained with GM1 and
GM1LM parametrizations with GC and different values of
αv.
model. In GM1LM just one agrees with the EC3, the
SU(6) parametrization set, which produces a value of
fs = 0.168.
It is also interesting to note that the trick of adding
a new repulsive meson φ to stiffen the EoS indeed re-
produces more massive neutron stars. However, the
price we pay is that most of the parametrizations with
GM1LM present very high pressure, which is in con-
flict with EC3. As we have already said, the SU(6)
is the only parametrization that conciliates EC3 with
GM1LM. Moreover, observing Fig. 8 (right), we see that
the SU(6) parametrization is in the upper limit of the
pressure that remains in accordance with EC3. This
strongly constraints the maximum allowed mass value
around 2.06M⊙, at least in mean field QHD based mod-
els with our choice of couplings. As pointed out earlier,
the best parametrization that describes the experimental
constraints is the GM3. Without hyperons, this parame-
terization predicts a neutron star with a mass of 2.04M⊙,
in agreement with all constraints analyzed, at all den-
sities. Nevertheless, this parametrization rules out hy-
peron in neutron star cores, since no value of αv is able to
predict hyperonic neutron stars with masses larger than
1.91 M⊙ as show in Fig. 10.
The third astrophysical constraint (AC3) is a theoret-
ical one. Based on chiral effective theory, ref. [56] con-
strains the radii of the canonical 1.4M⊙ neutron star to
9.7-13.9 Km. We plot in Table VIII the minimum and
the maximum radii of the canonical mass for different
models and parametrizations.
Model Min./Max. radii (1.4M⊙). AC3
GM1,GM1LM 13.73/13.85 Km OK
GM3,GM3LM 13.06/13.14 Km OK
NL3 14.71 Km Failed
TABLE VIII. Minimum and maximum radii of the canonical
1.4M⊙ for different models and parametrizations
We see that although close to the theoretical limit,
the GM1 and GM1LM agree with ref. [56]. GM3 and
GM3LM also agree with AC3, but as said before, are in
disagreement with AC1 if hyperons are present. NL3
agrees with AC1 and AC2 but fails again when con-
fronted with AC3.
It is worth bearing in mind that the measurement and
assessment of neutron star radii still remain to be better
understood. Recently, two different analyses of five quies-
cent low-mass X-ray binaries in globular clusters resulted
in different ranges for neutron star radii. While one of
them, in which it was assumed that all neutron stars
have the same radii, predicted that they should lie in the
range R = 9.1+1,31.5 [57], another calculation, based on a
Bayesian analysis, foresees radii of all neutron stars to lie
in between 10.9 and 12.7 Km [58], which would put all
previsions of our models in conflict with the experimental
data for the canonical 1.4M⊙ neutron stars. However as
pointed out by the authors, better X-ray data is needed
to determine the compositions of accreting neutron stars,
as this can make 30% or greater changes in inferred neu-
tron star radii [58].
Another astrophysical constraint is related to the max-
imum possible neutron star mass. According to [59], it
must be lower than 3.2M⊙ independently of the choice
of the EoS. This theoretical constraint was updated in
[28], where the maximum mass around 3.0M⊙ was found
due to the weakly repulsive nucleon potential. In our
work the maximum mass is obtained with NL3 without
hyperons and is equal to 2.81M⊙. So all our models are
in agreement with the maximum possible neutron star
masses [28, 59].
Finally, we resume our main results in Table IX, indi-
cating the way each parametrization behaves when con-
fronted with the six constraints used in this work. The
concept Fair that appears in Table IX is due to the fact
that the parametrization agrees with the EC3 at high
densities, but continues to fail at low densities as pointed
in Fig. 7.
Model αv EC1 EC2 EC3 AC1 AC2 AC3
GM1 No hyp. OK OK Failed OK OK OK
GM1 SU(6) OK OK Fair Failed OK OK
GM1 0.75 OK OK Fair OK OK OK
GM1 0.50 OK OK Fair OK OK OK
GM1 0.25 OK OK Failed OK OK OK
GM1 0.0 OK OK Failed OK OK OK
GM1 GC OK OK Failed OK OK OK
GM1LM SU(6) OK OK Fair OK OK OK
GM1LM 0.75 OK OK Failed OK OK OK
GM1LM 0.50 OK OK Failed OK OK OK
GM3 No hyp. OK OK OK OK OK OK
GM3 All/GC OK OK OK Failed OK OK
GM3LM All OK OK OK Failed OK OK
NL3 No hyp. Failed Failed Failed OK OK Failed
TABLE IX. Our choice of the parametrizations when con-
fronted with experimental and observational constraints.
13
 1.5
 1.6
 1.7
 1.8
 1.9
 2
 2.1
 10  11  12  13  14  15
M
/M
0
R  (km)
PSR J0348+0432
PSR J1311-3430αv = 0.00
αv = 0.25
αv = 0.50
αv = 0.75
SU(6)
 1.5
 1.6
 1.7
 1.8
 1.9
 2
 2.1
 10  11  12  13  14  15
M
/M
0
R  (km)
PSR J1311-3430
PSR J0348+0432
αv = 0.50
αv = 0.75
SU(6)
GC (No φ)
FIG. 10. Neutron stars mass/radii relation for GM3 (left) and GM3LM (right). No parametrization is able to predict the mass
of PSR J0438+0432.
V. CONCLUSION
In this work we investigated the hyperon onset in hy-
pernuclear matter imposing a complete SU(3) symmetric
model, where we propose that all hyperon-meson cou-
plings need to obey the SU(3) symmetry properties in
order to reduce the number of free parameters of the
theory. Utilizing a QHD based model, we analyze three
widely used parametrizations: GM1, GM3 and NL3 in
two different models, that we refer to as σωρ and σωρφ.
We then test them against experimental and astrophysi-
cal constraints obtained in the last decade. We see that
NL3, although describes nuclear matter properties very
well, fails to describe dense asymmetric matter. Also, al-
though we can predict very massive hyperonic stars with
many of the investigated parametrizations, a maximum
mass of 2.06 M⊙ arises in order to describe the soft EoS
at low densities regime. This constraint prevents us from
explaining the mass of the speculative PSR J1311-3430
since none of the parametrizations that agree with EC3
can reproduce such high mass.
With the GM1LM, the trick of adding a new vector
meson in order to stiff the EoS seems to be valid only
if the SU(6) choice of couplings is used. Lower values
of αv enters in conflict with EC3. Also, if we assume
that GM1 is a good parametrization to describe nuclear
properties, this implies that the hyperon production is
not only possible, but necessary to soften the EoS and
reconcile theory and experience.
We also analyze some theoretical features of the model,
as the speed of sound in dense nuclear matter. We see
that stiffer EoS have also higher value of vs. Since there
exists a theoretical limit for the speed of sound in quark
matter, a measurement of this physical quantity may be
important to rule out quark-hadron phase transitions at
specific densities. Also, an unexpected relation arises
when we compare the speed of sound with the EC3, what
ultimately constraints the hyperon onset.
The possibility of a linear relation between the maxi-
mum stellar mass and the strangeness fraction found in
[18] was also investigated for the present choice of pa-
rameters. Within our prescription, we do not see this
relation.
The role of the hyperon potential as proposed in [17]
was also checked and we found that less repulsive poten-
tials produce stiffer EoS. This is due to the fact that the
vector meson channel dominates at high densities, and
the role of hyperon potentials plays only a secondary role.
Despite all the efforts made in recent years toward a
better understand of nuclear matter and its implication
in neutron stars properties, there is still much work to be
done. The possibility of a hypermassive 2.7M⊙ neutron
star [53], and very compact ones [57, 58] are examples of
still unexplained phenomena.
The consequences of considering the scalar-isovectorial
δ meson are the next step of the present work. Also, as
pointed in the literature [26, 60], effects of strong mag-
netic field could be important in the description of mag-
netars. Works along these lines are in progress.
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Appendix: SU(3) symmetry group
In order to consider a completely symmetric theory
for the strong interaction based on a QHD model, we im-
pose that the Yukawa type interaction is invariant under
SU(3) transformations. In what follows we just consider
the electric coupling since the magnetic coupling does
not contribute in a mean field approximation [62]. The
Yukawa interaction is expressed as [61]:
14
LY UK = −g(ψ¯BψB)M, (A.1)
where ψB is the Dirac field of baryons and M is the field
of an arbitrary meson. This Lagrangian belongs to the
irreducible representation IR{1}, a unitary singlet. All
the baryons of the model we consider belong to the IR{8}.
The mesons of the vector IR{8} are the ω8 and ρ0. φ1
is a vector singlet, σ8 belongs to the IR{8} of the scalar
octet and σ1 is a scalar singlet. Now, to preserve the
unitary symmetry, (ψ¯BψB) must transform as:
• IR{8} when M belongs to IR{8},
• IR{1} when M belongs to IR{1}.
However, by the Speiser method [61], there are two
ways to couple {8}⊗{8} to {8}, typically the symmetric
and the antisymmetric ones [63]. Therefore, the Yukawa
interaction can be written as:
LY UK = −(g81C1 + g82C2)(ψ¯BψB)M, (A.2)
,
for the mesons belonging to IR{8}, and
LY UK = −(g1)M, (A.3)
for the mesons belonging to IR{1}, where C1 and C2
are the SU(3) Clebsch-Gordan (CG) coefficients of the
symmetric and antisymmetric coupling respectively. In
this work we use the CG as in ref. [64]. Following ref. [61]
we introduce the constants:
g8 = [
√
30/40g81 + (
√
6/24)g82], and,
α = (
√
6/24)(g82/g8), (A.4)
what allow us to write the coupling constants of the
baryons with the vector mesons as:
gNNρ = g8v, gΣΣρ = 2g8vαv,
gΞΞρ = −g8v(1− 2αv), gΛΛρ = 0,
gNNω8 =
1
3
g8v
√
3(4αv − 1),
gΣΣω8 =
2
3
g8v
√
3(1− αv),
gΞΞω8 = −
1
3
√
3g8v(1 + 2αv),
gΛΛω8 = −
2
3
g8v
√
3(1− αv),
gNNφ1 = gΣΣφ1 = gΛΛφ1 = gΞΞφ1 = g1v, (A.5)
while the couplings with the scalar ones read:
gNNσ8 =
1
3
g8s
√
3(4αs − 1),
gΣΣσ8 =
2
3
g8s
√
3(1− αs),
gΞΞσ8 = −
1
3
√
3g8s(1 + 2αs),
gΛΛσ8 = −
2
3
g8s
√
3(1− αs),
gNNσ1 = gΣΣσ1 = gΛΛσ1 = gΞΞσ1 = g1s, (A.6)
where the new subscripts v and s appear to differenti-
ate the set of vector mesons from the set of the scalar
ones. Also, all the constructions that couple baryons of
different species are ignored.
In nature, the observed ω and φ mesons are not the
theoretical ω8 and φ1 ones, but a mixture of them [22].
So, the coupling constants of the real vector mesons with
the baryons read:
gNNω = cos θvg1v + sin θv
1
3
√
3g8v(4αv − 1),
gΣΣω = cos θvgv1 + sin θv
2
3
√
3g8v(1− αv),
gΛΛω = cos θvg1v − sin θv 2
3
√
3g8v(1− αv),
gΞΞω = cos θvg1v − sin θv 2
3
√
3g8v(1 + 2αv). (A.7)
The results for the φ coupling are similar, just replac-
ing cos θv → − sin θv and sin θv → cos θv [22]. In the case
of the real scalar mesons ǫ(760) (what we call here just
σ) and the f0(980) (call here σ
∗) [42] the procedure is
entirely analogous to the ω and φ respectively, just re-
placing ω by σ, φ by σ∗ and the subscript v by s in Eq.
(A.7). In order to obtain stiffer EoS the σ∗ meson is not
considered as in [17, 18].
Since the meson nucleon parametrization is fixed, we
have a priori six free parameters: zv = (g8v/g1v), θv,
αv, zs = (g8s/g1s), θs and αs. To reduce the numbers of
free parameters, for the vector mesons, we use the hybrid
SU(6) symmetry group [42, 63] to fix the zv =
√
6 and
θv = 35.264, what correspond to an ideal mixing angle.
This leaves just αv as free parameter. When αv = 1,
we recover the complete SU(6) parametrization for the
vector mesons coupling [19]. This approach based on the
SU(6) symmetry for the vector mesons is widely accepted
in the literature [17, 18, 22, 62, 65, 66].
On the other hand, for the scalar mesons the literature
is controversial. In ref. [42] the σ meson is considered a
member of the IR{8}, while in [65, 66] it is considered as
a true member of the IR{1}. In [67] , the σ meson is taken
as the mixing of not only two, but three scalar mesons.
Finally, in [41, 43] an almost ideal mixing is assumed. We
follow the last prescription and consider θs = 35.254 as
an ideal mixing approximation. For the zs, we use a near
SU(6) symmetry with zs =
8
9
√
6. The reason for choosing
near SU(6) symmetry parametrization is because we have
checked that SU(6) fixes zs =
√
6, what results in a very
15
repulsive Ξ potential UΞ = +60MeV , in disagreement
with expected values running from −40 to 40 MeV [17].
Then, only αs remains to be fixed. Now we attach αs to
αv forcing the UΛ potential to be equal to -28 MeV [20].
This leaves our theory in complete tune with the SU(3)
symmetry group for all hyperon-mesons couplings, and
only one free parameter is left to be varied, αv.
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